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FEASIBILITY STUDY REPORT
TERMINAL 1 SOUTH
PORTLAND, OREGON

EXECUTIVE SUMMARY

This document describes the feasibility study (FS) for the Port of Portland at the Terminal 1
South Site (T1S Site) in Portland, Oregon. The FS discusses alternative remedies that are
available to reduce to an acceptable level existing and potential future risks to human
health and the environment associated with petroleum hydrocarbon and metal
contamination at the site. The risks were evaluated in the Human Health and Ecological
Baseline Risk Assessment Report (Hart Crowser, 2002a).

The project site, T1S Site, is located at 2100 NW Front Avenue in Portland, Oregon
(Figure 1). The site consists of approximately 21 acres that are almost completely
paved with asphalt or concrete or covered by buildings (Figure 2). Two primary
structures, designated as Warehouse No. 2 and House No. 104, are currently
located at the T1S Site. An extensive dock structure is present over submerged
lands at Berths 104, 105, and 106. Historically, Terminal 1 has been used for staging
of lumber, logs, paper products, steel containers, and bagged grain. The T1S Site
will be redeveloped for residential and commercial purposes.

Environmental investigations and risk assessment conducted at the site identified
T1S Site soils exceeding acceptable risk |eveis. Likely or potential sources of
contamination include underground storage tanks and dry wells. Polynuclear aromatic
hydrocarbons (PAHs), arsenic, and lead are the contaminants of concern at the site.

The remedial action objective is to prevent-human contact or ingestion of soil ~ - : . . •~•
_ _ ̂  impacted by PAHs, lead^a]̂  arsenic ajpjpve defi^ Jo ensurejhe .^v

"~ " remedial action objective is metTeach remedial action alternative was evaluated to — ~ - /
assess its protectiveness based on the standards in OAR 340-122-040, and the
balancing factors outlined in OAR 340-122-090 (3) and (4).

Remedial technologies associated with a list of general response actions were
screened for effectiveness and applicability based on land use and site conditions.
These technologies were also combined as necessary to form viable remediation
alternatives (several technologies, such as monitoring, were included in all
alternatives). The combined alternatives were evaluated for protectiveness, against
the balancing factors (effectiveness, long-term reliability, impl.ementability,
implementation risk, and reasonableness of cost), and the degree to which they
address hot spots: The alternatives were then compared against one another to
identify the alternative that overall best meets the selection criteria.
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Based on the following, we recommend the implementation of either the landfill or
thermal treatment alternatives. These alternatives are protective of public health,
safety, and welfare and of the environment by preventing exposure of receptors to
the contaminants. These alternatives address hot spots by removal to an off-site
landfill or treatment by thermal desorption.

1.0 INTRODUCTION

This document describes the feasibility study (FS) for the Port of Portland Terminal 1
South (T1S Site) in Portland, Oregon. The FS discusses alternative remedies that are
available to reduce existing and potential future risks to human health and the
environment associated with petroleum hydrocarbon and metal contamination at
the Site. The FS was prepared in accordance with Oregon Administrative Rules
(OAR) for remedy selection (OAR 340-122-090) and the Department of
Environmental Quality (DEQ) guidance (1998).

1.1 Purpose and Scope

The purpose and scope of the activities associated with this report were detailed in the
Feasibility Study Scoping Document (Hart Crowser, 2002b) prepared for the Site. The
Feasibility Study Scoping Document described the activities to be conducted in the
evaluation of the remedial alternatives for the Site. The FS is based on the information
collected from the Remedial Investigation Report - Volumes 1 and 2 (Hahn and
Associates, 2001 a) and the Monitoring Well Installation and Groundwater Sampling
Report (Hahn and Associates, 2001 b). The primary objectives of the FS were to identify
a range of remedial options appropriate for the T1S Site and develop the information
necessary to select an appropriate remedial action alternative that meets the standards
listed in OAR 340-122-040 and OAR 34.0-122_-090. . —.. ...^....... ... .._.,,

-"During the FS development, Sedmprehensive and[rational processwas'lise'd for^~ -?•-= .r:r-
screening a broad spectrum of remedial options to address the risks identified
during the risk assessment. Major tasks associated with the FS include:

• Developing remedial action objectives;

• Screening remedial technologies;

• Developing and screening remedial action alternatives;

• Completing a detailed evaluation of protective and feasible alternatives; and

• Recommending a remedial action alternative.
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1.2 Report Organization

The following is a brief overview of the organization of the report.

Site Location, Description, and History. The main body of this report begins with
Section 2.0, which includes a discussion of the Site location, description, and brief
history of documented releases to the environment. We then present an overview
of the investigations conducted to date documented in the remedial investigation
(Rl) reports. This section also summarizes the results from the risk assessment and
concludes with an evaluation of the potential for hot spots.

Remedial Action Objectives. Section 3.0 of this report defines and discusses the goals
of future remedial actions at the Site and develops appropriate remedial action
objectives to meet these goals. Other topics addressed in this section include
determination of quantities (i.e., area and volume) for the media of concern and a
discussion of the criteria used in evaluating remedial action alternatives.

Technology Evaluation and Remedial Action Alternatives. Upon establishing
remedial action objectives, a list of general response actions are developed and
presented in Section 4.0 to address the Site conditions identified in the Rl reports.
These general response actions form the basis for generating and screening
technologies. Potential remedial technologies were developed for each general
response action identified. Technologies were then evaluated with respect to
specific Site conditions, waste characteristics, and the ability to achieve the remedial
action objectives. The technologies remaining after the screening process can then
be combined to create potential alternatives for further detailed analysis.

Detailed Analysis of Remediation Alternatives. The potentially feasible remedial
"I" ""." " action alternatives are'rriore fully developed in Sectiori~5.0 of the FS. The protective
j.^ -.._, _"— _ alternatives are evaluatedtonjhe basis ofjh? balancing factors: effectiveness, long-

term reliability, implementability, implementation risk, and reasonableness of cost.
Alternatives are also evaluated on the basis to which they address hot spots. The
evaluation includes sufficient detail to identify comparative or relative differences
among alternatives.

Comparative Evaluation of Remedial Action Alternatives and Recommendations.
After completion of the detailed screening, the feasible Site alternatives are then
ranked (Section 6.0). Within each balancing factor, the alternatives are compared to
all others to generate an overall ranking. Based on the results of the comparison
rankings, a remedial action alternative is recommended. The recommended remedial
action alternative is discussed in Section 7.0.
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1.3 Limitations

All work performed by Hart Crowser was completed in accordance with generally
accepted professional practices related to the nature of the work accomplished, in
the same or similar localities, at the time the services were performed. This report is
for the specific application to the referenced project and for the exclusive use of the
Port of Portland. No other warranty, express or implied, is made.

2.0 SITE LOCATION, DESCRIPTION, AND HISTORY

This section summarizes the available information on this site. A more detailed
description of environmental activities and the results of the Rl conducted at this site
are provided in the Terminal 1 South Remedial Investigation Report (Volumes 1 and 2)
prepared by Hahn and Associates (Hahn and Associates, 2001 a) and the Monitoring
Well Installation and Groundwater Sampling Report (Hahn and Associates, 2001 b).

2.1 Site Location and Description

2.1.1 Site Location

The T1S Site is located at 2100 NW Front Avenue along the Willamette River in
Portland, Oregon (Figure 1). The site consists of approximately 21 acres located
northwest of Interstate 405 (Fremont Bridge), northeast of NW Front Avenue, southeast
of Slip No. 2, and southwest of the Willamette River (Figures 1 and 2). For the purpose
of this FS, the T1S Site does not include sediments adjacent to the Site.

2.1.2 Site Description

Two primary'structures, designated as Warehouse No. 2 and House No. 104, are
.".-_- "•;-.—-•-=- --currently located at the T1S S|te;~TrisjarTransload currently leases and operatesrthe^;l -j

open storage area between Slip No. 2 and House No. 104 and portions of House
No. 104. The remaining portions of the site are unoccupied. Additionally, an
extensive dock structure is present adjacent to the T1S Site over submerged land at
Berths 104, 105, and 106.

The topography at the T1S Site is generally level at an elevation of approximately 30
feet above mean sea level (msl). The site is generally paved with asphalt or
concrete with no vegetation and little bare ground present.

2.1.3 Site History

The site history presented here is summarized from information contained in a
Preliminary Assessment (PA) (Port of Portland, 2000) prepared for the T1S Site. In

Hart Crowser Page 4
15230 June 13,2002

POPT1S600930



approximately 1884, upland areas in the vicinity of Terminal 1 extended 100 to 200
feet northeast of Front Avenue. By 1908, they extended approximately 200 to 400
feet northeast of NW Front Avenue. Since that time, various portions of the T1S Site

have been filled and dredged. Slip Nos. 1 and 2 were created by dredging in
approximately 1914 and 1923, respectively. Filling activities at the site were
generally completed in approximately 1972 when Slip No. 1 was filled.

Between 1913 and 1936, the Commission of Public Docks (CPD) purchased various

parcels of property in four primary phases. Three of these parcels now make up the
Marine Terminal 1 South complex. The CPD merged with the Port on January 1, 1971.

Prior to and during World War II, Terminal 1 and the adjacent industrial neighborhood
supported expanded activities on behalf of the war effort. Ship building and repair at the
Willamette Iron and Steel Corporation facility formerly located at Terminal 1 necessitated
increased dock front dredging (for larger ship berths) and the occasional use of Terminal

1 property for temporary equipment storage.

In 1946, the CPD purchased the Eastern and Western Lumber Company property
to the immediate north of Terminal 1 South. The Willamette Iron and Steel
Corporation, now adjacent to the CPD terminal, changed ownership in the same
year, becoming the Willamette Iron and Steel Company.

Historically, Terminal 1 has been used for the staging of lumber, logs, paper
products, steel containers, and bagged grain. Various companies have owned or
leased portions of the Terminal 1 South Complex (see Rl Report; Hahn and
Associates, 2001 a). It is anticipated the T1S Site will be redeveloped for residential
and commercial purposes.

2.2 Previous Site Investigations

In July 2001, Hahn and Associates completed an Rl at the T1S Site (Hahn and
Associates, 200la). Rl activities completed at this site consisted of the following
six phases:

Focused Environmental Site Assessment completed by Maul Foster in 1998 (Maul
Foster & Alongi, 1998);

« Environmental Baseline Investigation completed by Hahn and Associates in
February and March 2000 (Hahn and Associates 2001 a);

• B-38 Area Characterization completed by Hahn and Associates in March 2000
(Hahn and Associates 2001 a);
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• Supplemental Site Characterization Activities completed by Hahn and
Associates in September 2000 (Hahn and Associates 2001 a);

• Data Gap Investigation completed by Hahn and Associates during October and

November 2000 (Hahn and Associates 2001 a); and

• Groundwater Investigation completed by Hahn and Associates during August,
September, and October 2001, and January 2002 (Hahn and Associates, 2001 b
and 2002).

A total of 1 1 2 push probe borings were installed for the collection of soil and
groundwater samples during these site activities. The locations of these push probe
borings are presented on Figure 2. Please refer to the Rl Report (Hahn and
Associates, 2001 a) for further discussion of these activities and results.

The groundwater investigation included installation, development, and sampling of
seven groundwater monitoring wells at the site. The locations of the groundwater
monitoring wells are presented on Figure 2. Please refer to the groundwater
sampling report for further discussion of these activities and results (Hahn and
Associates, 2001 b).

2.3 Remedial Investigation Summary

These activities provided a detailed understanding of the site and surrounding vicinity.

2.3.1 Geology and Hydrogeology -

• The subsurface soils encountered during the investigations were predominantly
sands and silts with occasional gravel to the maximum depth of investigation at

• — 80 feet below ground surface (bgs). . ' • • - ' - ' - • ' - • - ••

~~ "-"•- ~~ -"•' Based on historical. documentation -Imd ihvestigationsrthe'p'roperty has
extensively filled-in over time; fill material was encountered at all push probe
locations from the surface to depths of 32 to 67 feet bgs.

• Soils thought to be former Willamette River sediments were encountered at the
former Slip No. 1 (B-84) at a depth of approximately 67 feet bgs.

• Soils encountered beneath NW Front Avenue were generally sillier than those
encountered on the T1S Site, suggesting the soils in the right of way are either
alluvial in origin or are from a different fill source than that of the site.

• Groundwater in the vicinity of the T1S Site generally occurs in three principal
hydrogeologic zones: (1) a shallow unconfined fill/alluvial deposit (shallow
water-bearing zone (WBZ]); (2) generally confined Troutdale WBZ; and (3) the
confined Columbia River Basalt WBZ. .

Hart Crowser Page 6
15230 June 13, 2002

POPT1S600932



• Unconfined groundwater was encountered within the shallow WBZ (fill) at an

average depth of approximately 23 feet bgs.

• Groundwater elevations measured in the seven monitoring wells installed at the
T1S Site on September 28 and October 30, 2001, indicate a general flow to the
northeast towards the Willamette River with a decline or even reversal of the
gradient near the river (Hahn and Associates, 2001 b).

2.3.2 Land and Water Use

The locality of the facility (LOF) is defined as "any point where a human or
ecological receptor contacts, or is reasonably likely to come into contact with,
facility related hazardous substances."

Chemicals have been detected in both soil and groundwater at various areas of the
site, but off-site migration of contamination is not evident based on the existing
data. Accordingly, the LOF is defined only as the T1S Site and the adjacent area on
Front Avenue in Area A (Hahn and Associates, 2001 b).

Historical Land Use. The approximate 21-acre T1S Site has historically been zoned
as "IH" for Heavy Industrial. Surrounding adjacent properties are zoned "IH"
Heavy Industrial and "EX" Central Employment.

Current and Reasonably Likely Future Land Use. The current and reasonably likely
future land use in the LOF is well defined. The site is currently zoned as Central
Residential (RX) such that it can be redeveloped for an alternative use. The RX
zoning is considered the comprehensive plan for the property. Based on the RX
zoning designation, it is expected the site will be used for mixed-use
residential/commercial development in the future.__. .

A beneficial groundwater use evaluation was conducted for.the Hoyt Street; _: -
Property (RETEC, 1997) that adjoins the southeast corner of the T1S Site. Hahn and
Associates conducted an additional well inventory as part of the Rl and the
groundwater monitoring study to supplement the RETEC survey. Based on trends in
groundwater use in the area and RETEC fate and transport modeling, the only
identified beneficial use for groundwater in the LOF is discharge to the Willamette
River. No water wells were found to be in use within 0.5 mile of the T1S Site. No
surface water rights were identified within 0.5 mile of the T1S Site.

2.4 Risk Assessment Results

Hart Crowser conducted a human health risk assessment (HHRA) and a Level 1
Scoping and Modified Level 2 Screening ecological risk assessment (ERA) for the T1S
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Site (Hart Crowser, 2002a). We also screened groundwater data against surface water
criteria developed for protection of human health from ingestion of fish tissue.
Potentially exposed populations that were evaluated in the HHRA include future
residents, current and future commercial workers, future utility/excavation workers,
and future construction workers. The T1S Site is being redeveloped for residential and
commercial purposes. The site will be developed into three areas {A, B, and C), which
were evaluated as separate areas of concern (AOCs). The AOCs are presented on
Figure 2. Separate COPCs were identified and separate risk calculations were
conducted for each AOC. Risk and hazard estimates are described below.

Human Health Risk Assessment Results for Area A. The exposure pathways that
were quantitatively evaluated, at Area A were soil ingestion, dermal contact with
soil, inhalation of volatiles from groundwater, and inhalation of fugitive dust

The assessment of carcinogenic risks to residential receptors at Area A indicated that
under both Reasonable Maximum Exposure (RME) and Central Tendency (CT)
conditions, the potential risks exceeded DEQ acceptable risk levels. Compounds of
Potential Concern (COPCs) that exceeded the DEQ acceptable risk level for individual
carcinogens are benzo(a)pyrene, benzo(a)anthracene, dibenz(a,h)anthracene,
benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, and arsenic. The assessment of
noncarcinogenic risks identified only lead as present above acceptable risk levels for

' residential exposure under both RME and CT conditions.

For the commercial worker exposure scenario, the estimated cumulative
carcinogenic risks were found to be acceptable under both RME and CT conditions.
However, benzo(a)pyrene and arsenic exceeded the DEQ acceptable risk level for
individual carcinogens. The assessment of noncarcinogenic risks identified lead as
present above the acceptable risk level for the commercial worker exposure under
only the RME condition. ' • ' . " " r - . ~~". '~

For the excavation and construction worker exposure scenarios, no unacceptable risks
from exposure to carcinogens were identified. The assessment of noncarcinogenic
risks identified lead as present above the acceptable risk level for the excavation and
construction worker exposure under only the RME condition. The excavation worker is
the only applicable exposure pathway for Naito Parkway. No unacceptable risks were
identified for the excavation worker for contamination detected beneath the roadway.

The RME and CT exposure point concentrations (EPCs) for lead in surface and total
soil in Area A are driven by the maximum detection in one sample (B-68). If the soil
associated with the sample were removed, the lead EPCs would be acceptable for
the residential and commercial receptors. Additionally, while arsenic was identified
as a carcinogen resulting in unacceptable risks in Area A, there were only three soil
samples (within the 0- to 15-foot-depth ranges evaluated in this HHRA) that
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exceeded the site-specific background level of 5.3 mg/kg identified in the Rl (Hahn
and Associates, 200la).

Human Health Risk Assessment Results for Area B. The exposure pathways that
were quantitatively evaluated at Area B were soil ingestion, dermal contact with soil,
and inhalation of fugitive dust No volatile organic compounds (VOCs) were
detected in Area B soil or groundwater.

The assessment of carcinogenic risks to residential receptors at Area B indicated
potential risks exceeded the DEQ acceptable risk level only under the RME
condition. COPCs that exceed the DEQ acceptable risk level for individual
carcinogens are benzo(a)pyrene and arsenic. The assessment of noncarcinogenic
risks found no exceedences of DEQ acceptable risk levels for residential exposure.

For the commercial worker exposure scenario, the estimated cumulative carcinogenic
risks were found to be acceptable under both RME and CT conditions. However,
arsenic exceeded the DEQ acceptable risk level for individual carcinogens under the
RME condition. The assessment of noncarcinogenic risks found no exceedences of
DEQ acceptable risk levels for commercial worker exposure.

No unacceptable carcinogenic or noncarcinogenic risks were identified for either
the construction worker or the excavation worker exposure in Area B.

Arsenic was identified as a carcinogen resulting in unacceptable risks in Area B for
residential and commercial worker exposure scenarios. However, there were no
detected concentrations of arsenic in soils in Area B that exceeded the site-specific
background level of 5.3 mg/kg identified in the Rl (Hahn and Associates, 2001 a).

Human Health Risk Assessment Results for Area C. The exposure pathways that
were quantitatively evaluated at Area C were soil ingestion, dermal contact.with .
soil, and inhalation of fugitive dust. No VOCs were detected in Area C soil or
groundwater. Arsenic is the only COPC for Area C.

The risk assessment found that the carcinogenic risk to future residential and
commercial workers from exposure to individual carcinogens under the RME
condition exceeded the DEQ acceptable risk level. Additionally, the RME cumulative
carcinogenic acceptable risk level was exceeded for future residents. However, all of
the unacceptable risk estimates for Area C resulted from exposure to the RME t'PC for
arsenic in soil, based on the maximum detected concentration of arsenic in Area C
soils. If the mean (or CT) value for arsenic in Area C soils is used to calculate
carcinogenic risks, all of the predicted risk, both for individual and cumulative
carcinogenic risks, under either future use scenario would be acceptable. The
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assessment of noncarcinogenic risks found no exceedences of DEQ acceptable risk
levels for residential or commercial worker exposure.

No unacceptable carcinogenic risks were identified for either the construction
worker or the excavation worker in Area C.

While arsenic was identified as a carcinogen resulting in unacceptable future risks in
Area C, there were no detected concentrations of arsenic in surface soils (i.e., 0-3
feet bgs) that exceeded the site-specific background level of 5.3 nig/kg identified in
the Rl (Hahn and Associates, 2001 a).

Human Health Screening: Fish Consumption. To assess the potential human
health impacts from groundwater discharges into the Willamette River and
subsequent fish ingestion by recreational anglers, the available groundwater
monitoring data were screened against existing surface water criteria developed for
the protection of human health from the ingestion of fish tissue. The conclusion of
this assessment is that the concentrations of contaminants of interest in
groundwater are below conservative screening levels and are, therefore, below any
levels of concern from a human health perspective.

Ecological Risk Assessment Results. The Level 1 Scoping ERA did not identify any
ecologically important species or habitats at the T15 Site. The site is almost entirely
paved or covered by buildings. The absence of upland habitat indicates there are no
complete exposure pathways for terrestrial ecological receptors to come in contact
with contaminated soil at the T1S Site. In addition, based on the reasonably likely
future use of the site (commercial and/or residential), future habitats on the site are
not reasonably likely.

A Modified Level 2 Screening ERA was conducted on the available groundwater „..
monitoring well data collected at this site (two rounds of data). There were no

"detected concentrations of organic constituents in the seven groundwater :: -~
monitoring wells that exceeded their corresponding Ecological Screening
Benchmark Values (SBVs). There were two metals (copper and lead) detected in
groundwater that exceeded SBVs based on the analysis of unfiltered, total metals,
but when the same samples were analyzed for dissolved metals, copper and lead
were not detected. The dissolved fraction of metals represents the bioavailable
fraction in aqueous environmental media. Therefore, it is concluded that there is no
potential for adverse ecological impacts to aquatic ecological receptors from the
discharge of groundwater to the Willamette River.
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2.5 Hot Spot Evaluation

As part of the evaluation of alternatives, the FS must distinguish between
contamination that does and does not constitute a hot spot (OAR 340-122-085(5), (6),
and (7) and OAR 340-122-090(4)). The definition and evaluation of hot spots differs
depending on whether water (groundwater or surface water) or media other than
water are being considered (media other than water include soil, debris, sediment,
wastes, non-aqueous phase liquid, and other materials). In accordance with OAR 340-
122-115(31), hot spots are defined as follows.

Groundwater or Surface Water. To be a hot spot in groundwater or surface water
requires the following:

• A "hazardous substance" as defined by OAR 340-122-115(30);

• A "significant adverse effect on beneficial uses of water" (or waters to which the
hazardous substance would be reasonably likely to migrate) as defined by OAR
340-122-115(50); and

• Treatment must be reasonably likely to restore or protect the beneficial uses
within a reasonable time-frame (as determined by the feasibility study).

Media Other Than Groundwater or Surface Water. To be a hot spot in other
media requires the following:

• A "hazardous substance" as defined by OAR 340-122-115(30);

• A risk to human health or the environment exceeding the "acceptable risk level"
as defined by OAR 340-122-115(1); and

• One or more the following conditions: .. ...-,_,_-. - - - - - .-"

.._.• The hazardous substance is present at or more than a concentration!- _
~ corresponding to any one of the following: '

100 times the acceptable risk level for human exposure to an individual
carcinogen;

10 times the acceptable risk level for human exposure to an individual
noncarcinogen; or

10 times the acceptable risk level for exposure of individual ecological
receptors or populations of ecological receptors to an individual
hazardous substance.

» The hazardous substance is not reliably containable (as determined by the
feasibility study); or
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• The hazardous substance is reasonably likely to migrate to such an extent
that a hot spot in water would be created or either of the above two
conditions would be created.

2.5.1 Groundwater and Surface Water

Reasonably likely future land use at the site will be a mix of residential and
commercial, and the groundwater beneath the site is not and likely will not be used
for drinking water. The only identified beneficial use for groundwater in the locality
of the facility is discharge to the Willamette River. The inhalation of VOCs from
groundwater was evaluated as a potentially complete exposure pathway for all
receptor scenarios as part of the HHRA. The risk assessment identified no risk
attributable to inhalation of VOCs from groundwater. The risk assessment found no
impact to surface water from groundwater discharge. Therefore, there is no
groundwater hot spot.

There is no surface water within the locality of the facility. Therefore, there is no
surface water hot spot.

2.5.2 Media Other Than Groundwater or Surface Water

Hazardous substances (PAHs, lead; and arsenic) are present at the T1S Site. With
the exception of two samples, individual carcinogenic risk estimates are less than 100
times the acceptable risk level (1 x .10"*) and noncarcinogenic risk estimates are less
than 10 times the acceptable risk level. Inspection of field logs did not identify
indicators of free-phase petroleum hydrocarbons. Samples B-68 and B-92 had
benzo(a)pyrene concentrations (7.05 mg/kg and 2.35 mg/kg, respectively) greater
than the concentration corresponding to a risk level of 1 x 104 (2.1 mg/kg). Sample
B-68 also had a lead concentration (6,190 mg/kg) greater than the Hot Spot Level . ~
(4,000 mg/kg). The B-68 and B-92 samples were collected from Area,A and Area B,
respectively (see Figure 2). In addition, PAHs are relatively immobile and are not
likely to migrate (as supported by the lack of detections in groundwater). Therefore,
soil hot spots (resulting from two soil samples) are present at B-68 and B-92.

3.0 BASIS OF FEASIBILITY STUDY ANALYSIS

In this section, we define the basis by which the FS was conducted. This includes
defining the remedial action objectives, the criteria by which the alternatives were
evaluated, and the areal and volumetric extent of the contamination to be addressed.
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3.1 Remedial Action Objectives

The remedial action objectives are defined to address the unacceptable risks

determined by the baseline risk assessment These risks were reviewed in
Section 2.3. In summary, there is an unacceptable risk to residents and commercial
workers (Areas A and B) and to excavation and construction workers (Area A). The
unacceptable risk results from direct contact with soil. The chemicals resulting in
unacceptable risk for one or more pathways include five PAHs, arsenic, and lead.

Although unacceptable risk was identified for exposure to arsenic in Area C, the
concentrations of arsenic in surface soil are below the site background level;
therefore, the risk in Area C is acceptable and there is no further evaluation of
Area C in the feasibility study.

Therefore, the remedial action objective is to prevent human contact with or
ingestion of soil from Areas A or B impacted above acceptable levels by PAHs, lead,
or arsenic. Acceptable levels, or cleanup levels, are defined in Table 1 for each of
the chemicals of concern. In general, the cleanup levels are based on a 1 x 10* risk
level, hazard index of 1, or background.

3.2 Evaluation Criteria

In accordance with OAR 340-122-085(4), the remedial alternatives are evaluated
based on protectiveness, feasibility, and the extent to which the alternatives treat or
remove hot spots of contamination. Protectiveness is determined using the
standards in OAR 340-122-040. The protectiveness standards applicable to the T1S
Site are summarized as follows:

• Ability of the remedial action to protect present and future public health; safety,.:

and welfare and the environment; - ~ 7 . _ ,_ ~ '

• Ability of the remedial action to achieve acceptable risk levels specified in OAR
340-122-115(1);

• Ability of the remedial action to prevent or minimize future releases and
migration of contaminants in the environment; and

• Provisions for long-term care or management, as necessary and appropriate,
including but not limited to monitoring, operation, maintenance, and periodic
review.

Feasibility of a remedial action is evaluated by balancing remedy selection factors
contained in OAR 34O-122-090(3) and (4). These balancing factors are summarized
as follows:
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• Effectiveness - ability and time frame of remedial action to achieve protection
through eliminating and managing risk.

• Long-Term Reliability - reliability of remedial action to eliminate or manage risk
and associated uncertainties.

• Implementability - ease or difficulty of implementing remedial action
considering technical, mechanical, and regulatory requirements.

• Implementation Risk - potential impacts to workers, the community, and the
environment during implementation.

• Reasonableness of Cost - includes capital costs, operations and maintenance,
periodic review, and net present value of the remedial action (a cost is not
considered reasonable if the costs are disproportionate to the benefits created
through risk reduction or risk management).

Treatment or Removal of Hot Spots. Treatment of hot spots is evaluated based on
the criteria set forth in OAR 340-122-085(5) through (7). The portions of these rules
applicable to the T1S Site are summarized as follows:

• Evaluate the extent to which the hazardous substance cannot be reliably contained;

• Evaluate the feasibility of treatment to a point where the hot spot would no
longer occur (based on a balancing of the factors listed above) and an
application of the higher threshold for evaluating the reasonableness of cost of
treatment; and

• Evaluate the feasibility of treatment to the acceptable risk level without an
application of the higher threshold for evaluating the reasonableness of cost of
treatment.

3.3 Area and Volume of Contamination

Figure 3 shows the sample locations that exceed at least one of the cleanup criteria
listed in Table 1. The figure graphically identifies the sample location, depth range,
receptor, and contaminant type for the unacceptable samples. The figure also
shows the locations of hot spots.

Based on Figure 3, Figure 4 shows the areas and depths exceeding cleanup or hot
spot levels. From this figure, we estimated areas and volumes of soil requiring
remediation. Depths are based on depth ranges corresponding to exposure
scenarios (e.g., 0-3 feet for residential) and/or actual sample depths from the Rl. The
estimated area and volume of soil and hot spots requiring remediation are as follows.

HartCrowser Page 14
15230 June 13,2002

POPT1S600940



Total:

Area - 51,200 square feet (including the hot spot areas).
Depth - 3 feet except at B-38 and 8-92. For a 30-foot diameter centered at B-
38 and B-92, depth equal to 10 feet.
Volume - 6,100 cubic yards (including the hot spot volume).

Hot Spots:

Area - 1,420 square feet.
Depth - 3 feet at B-68 and 10 feet at B-92.
Volume - 340 cubic yards.

4.0 TECHNOLOGY EVALUATION AND REMEDIAL ACTION ALTERNATIVES

Initially, technologies associated with a list of general response actions were
screened for applicability based on the ability to address the remedial action
objectives. General response actions are broad categories of remedial measures
that address the remedial action objectives. A response action may be a stand-
alone remedial action alternative, or a component of a comprehensive alternative.
The list of general response actions includes:

• No Action;

• Institutional Controls;

• Removal/Discharge;

• Containment;

--_ •• " ' - - • - - • ~ / / ? 5/h/Biological Treatment; J."^ _ - - : - _ ~__.r ^_ - _ - .__,_

• In Situ Physical/Chemical/Thermal Treatment;

• Ex Situ Biological Treatment; and

» Ex Situ Physical/Chemical/Thermal Treatment.

The first two columns of Table 2 list the general response actions with representative
remedial action technologies. The list of potentially applicable technologies was
developed from a wide range of sources including government documents, research
literature, periodicals, the Internet, and our experience. The third column of Table 2
includes a brief description of each technology and aids in the understanding of what
each technology includes. The fourth column discusses the effectiveness of the
technology or the conditions under which the technology may be effective-
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Comments in the last column explain the rationale for either accepting or eliminating
a particular technology option. The shaded technologies in Table 2 are eliminated
from further consideration. Remedial action technologies for soil retained for further

consideration include:

• No Action;

• Access Restrictions;

• Monitoring of soil;

• Cover;

• Soil excavation;

• Off-site landfill disposal of soil; and

• Thermal desorption.

Several of these technologies are not useable without being combined with other
technologies. As appropriate, technologies were combined to form functional
alternatives (such as combining excavation with off-site disposal). Monitoring is
considered to be part of each alternative except No Action. The No Action
Alternative is kept through the screening process to serve as a baseline for
comparison. Remedial action alternatives identified for detailed analysis include:

• No Action;

• Cover/Deed restrictions with hot spot removal (Cover);

• Off-site landfill disposal (Landfill); and

• ~ Soil .treatment by thermal desorption/selective off-site landfill disposal (Thermal- ~

- .,:.--••'•...Treatment): _ - „ •-,.-" V . __. _ — : _ ^

5.0 DETAILED ANALYSIS OF REMEDIAL ACTION ALTERNATIVES

This section identifies and evaluates each of the remedial action alternatives
identified in Section 4.0. Feasibility of the alternatives was evaluated using the
criteria in Section 3.2.

Following the evaluation, a comparative analysis of each alternative relative to every
other alternative was completed (Section 6.0). This comparative analysis serves as
the basis for selecting the recommended remedial action alternative (Section 7.0).
Estimated costs for each technology are included in Table 3.
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5.1 No Action

Description. According to OAR 340-122-085 (2), a No Action Alternative must be
evaluated as a remedial action alternative. The No Action Alternative assumes that no
action is taken, no monitoring is performed, and no costs are incurred:

Protectfveness. The No Action Alternative is not protective because it allows
contaminants to be left in place at concentrations that exceed protective levels.

Effectiveness. The No Action Alternative will not effectively manage risk.

Long-Term Reliability. The No Action Alternative will not reliably address the
contamination or associated risk.

Implementability. The No Action Alternative is the easiest of the alternatives to
implement.

Implementation Risk. Since there are no construction or remediation activities
associated with the No Action Alternative, there is no risk to workers or the public
during implementation of this alternative.

Reasonableness of Cost. There is no cost associated with the No Action

Alternative.

Hot Spots. The No Action Alternative does not address hot spots.

5.2 Cover/Deed Restrictions with Hot Spot Removal

- - - - - -: -Description. On-site soil above Hot Spot Levels (B-68 and B-92) would be- .. ,:. .; >•
_excavated, loaded in trucks, and hauled to a licensed Subtitle C (hazardous waste) or ~ - " "
D {solid waste) landfill. Approximately 80 cubic yards in the vicinity of B-68 (elevated' ~-'
metal concentrations) would be excavated separately from soils in the vicinity of B-92
and stockpiled for waste designation sampling (based on teachability of lead). If
designated a hazardous waste, this soil would be disposed of at a licensed Subtitle C
facility. Soils excavated in the vicinity of B-92 (approximately 260 cubic yards
impacted primarily by PAH contamination) would be disposed of at a licensed
Subtitle D disposal facility or treated at a licensed thermal treatment facility.

Clean, imported soil would be placed at the site to restore the ground surface to the
previously existing grade. In addition to the hot spot removals and disposal, 51,200
square feet of impacted surface soils would be permanently capped. The area to be
capped corresponds to the areas identified on Figure 3. For purposes of the
feasibility study, the cap is assumed to consist of a typical commercial/industrial
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pavement section of 4 inches of asphalt concrete over
10 inches of crushed rock base course.

To complete this alternative, a deed restriction would be structured for the subject
property. The deed restriction would notify owners or potential owners of the
presence of the cap and identify associated restrictions. These restrictions would
include appropriate training and protection requirements for future excavation or
construction workers exposed to soil beneath the cap. Also, a soil handling plan
would be prepared describing the procedures for defining reuse of soil. Site
monitoring wells would be maintained for potential future monitoring.

Protectiveness. This alternative is protective of human health by removing hot
spots to a controlled landfill and preventing direct contact with residual
contamination in soil (through engineering controls such as a cap and health and
safety procedures).

Effectiveness. This alternative addresses direct-contact risk as long as the cover is
maintained and the deed restrictions are abided by. The time to reach the RAO is
estimated to be two months.

Long-term Reliability. Although this alternative does not reduce toxicity or mobility
of the contamination in the soil, the hot spots would be removed to a controlled
disposal facility and the cap would prevent direct contact with residual
contamination in soil (as long as the integrity of the cover is maintained).

Implementability. The site is easy to access and this remedial action alternative is
readily implemented using current and available construction techniques.
Administration of the deed restriction will require recording of documents with
the County" - - - - - - - - - • - - . • - - • • / ;•-=

implementation Risk. Construction activities associated with this alternative are
minimal and there is little risk during implementation if care is taken to prevent
direct contact with the source soils. The primary potential impact to the community
would be dust generation during excavation and spilling of soil or vehicular

accidents during the transport to the landfill. Dust control would be used to
decrease dust generation. Prior to departure from the site, all loose soil would be
brushed from the truck or drop boxes. All trucks would be tarped to prevent
incidental spilling during transport.

Reasonableness of Cost. The estimated cost for the Cover Alternative is $288,000.
This cost includes long-term costs for the maintenance of the cap. The scope of work
and unit costs used to develop this estimate are summarized in Table 3.
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Hot Spots. Hot spots are addressed by removal from the site and disposal in a
licensed hazardous and/or solid waste landfills, as appropriate.

5.3 Off-Site Landfill Disposal

Description. All soil above cleanup levels (as defined in Section 3.3 and shown on
Figure 4) would be excavated for off-site disposal. Except for soil in the vicinity of B-
38 and B-68 all soil would be disposed of in a Subtitle D solid waste landfill. This
removal volume is estimated to be approximately 5,730 cubic yards. This quantity
includes the hot spot soil at B-92. The soils in the vicinity of B-38 and B-68 (elevated
metal concentrations) would be excavated separately and stockpiled for waste
designation sampling (based on teachability of lead). If designated a hazardous
waste, this soil (about 340 cubic yards) would be loaded in trucks and hauled to a
Subtitle C hazardous waste landfill. Otherwise, the soil would be disposed of with
the remaining site soil.

Clean, imported soil would be placed at the site to restore the ground surface to
previously existing grade. Dust control would be achieved at the site by spray
application of water to the ground surface as needed. There would be no long-term
maintenance requirements with this alternative. Monitoring wells would be maintained
for potential future monitoring. Institutional controls consisting of a soil management
plan would be included to describe the procedures to define reuse of soil.

Protectiveness. Landfill disposal achieves protection by removing contaminated
soil above acceptable risk levels (including hot spots) to a controlled landfill. Future
receptors are protected from potential redistribution of contamination by -
implementation of a soil management plan.

Effectiveness. This alternative is very effective. Disposing of the soil at a landfill will "
eliminate the human health risk from the soil by removing the.contaminated source . _
to a managed facility, the time estimated to reach the RAO is estimated to be one"
to two months.

Long-Term Reliability. Landfill disposal does not reduce the toxicity or mobility of
the contaminants. This alternative otherwise has good long-term reliability because
the landfill is a controlled disposal facility that will be required to conduct long-term
maintenance and monitoring.

Implementability. The site is easy to access and this remedial action alternative is
readily implemented using current and available construction techniques.
Transportation time and distance to the landfill is manageable. Limited shoring may be
required for the deeper excavations near Naito Parkway and House No. 104.
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Implementation Risk. This alternative poses little threat to workers or the
community during construction. The primary potential impact to the community
would be dust generation during excavation and spilling of soil or vehicular

accidents during the transport to the landfill. Dust control would be used to
decrease dust generation. Prior to departure from the site, all loose soil would be
brushed from the truck or drop boxes. All trucks would be tarped to prevent

incidental spilling during transport.

Reasonableness of Cost. The estimated cost for the Landfill Alternative is
$559,000. The scope of work and unit costs used to develop this estimate are
summarized in Table 3.

Hot Spots. Hot spots are addressed by removal from the site and disposal in a
licensed hazardous and/or solid waste landfills.

5.4 Soil Treatment by Thermal Desorption/Selective Off-site Landfill Disposal

Description. All soil above cleanup levels (as defined in Section 3.3 and shown on
Figure 4) would be excavated for off-site disposal or treatment Except for soil in the
vicinity of B-38 and B-68all soil would be treated at a permitted thermal desorption
facility. The removal volume for treatment in a thermal desorption unit is estimated
to be approximately 5,730 cubic yards (including the hot spot soil at B-92). The soils
in the vicinity of B-38 and B-68 (elevated metal concentrations exceeding waste
acceptance criteria for a typical thermal desorption facility) would be excavated
separately and stockpiled for waste designation sampling (based on leachability of
lead). If designated a hazardous waste, this soil (about 340 cubic yards) would be
loaded in trucks and hauled to a Subtitle C hazardous waste landfill. Otherwise, the
soil would be disposed of in a Subtitle D solid waste landfill. Figure 3 shows the

~" areas/depths of soil excavation. • - - * - . - - •• .";. _-"

Clean, imported soil would be placed at the site to re~store the ground surfactfto """"
previously existing grade. Dust control would be achieved at the site by spray
application of water to the ground surface as needed. There would be no long-term
maintenance requirements for this alternative. Site monitoring wells would be
maintained for potential future monitoring. Institutional controls consisting of a soil
management plan would be included to describe the procedures to define reuse of soil.

Protectiveness. Protection is achieved in this alternative through removal and/or
treatment of contaminated soil above acceptable risk levels (including hot spots).
Landfill disposal achieves protection by removing the contaminated soil to a controlled
facility. Thermal desorption reduces the mass of the polynuclear aromatic
hydrocarbons (PAHs) on the site through treatment of the contaminated soil.
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Effectiveness. This alternative is very effective. It achieves effectiveness through removing
the contaminated soil to a managed facility or treatment of the contaminant. The time
estimated to reach the RAOs is estimated to be 1 to 2 months.

Long-Term Reliability. This alternative offers good long-term reliability because
contaminated soil is removed from the T1S Site. Landfill disposal does not reduce
the toxicity or mobility of the contaminants. Overall, this alternative has good long-

term reliability because (1) the landfill is a controlled disposal facility that will be
required to conduct long-term maintenance and monitoring,
and (2) thermal desorption provides complete destruction of the contaminant.

Implementability. The site is easy to access and this remedial action alternative is
readily implemented using current and available construction techniques.
Transportation time and distance to the thermal desorption and landfill facilities are
manageable. Limited shoring may be required for the deeper excavations near
Naito Parkway and House No. 104. Mobile desorption units are available.

Implementation Risk. This alternative poses little threat to workers or the
community during construction. The primary potential impact to the community
would be dust generation during excavation and spilling of soil or vehicular
accidents during the transport to the landfill or treatment facility. There is less risk
than for the Landfill Alternative because the thermal facility is closer. Dust control
would be used to decrease dust generation. Prior to departure from the site, all
loose soil would be brushed from the truck or drop boxes. All trucks would be
tarped to prevent incidental spilling during transport.

Reasonableness of Cost. The estimated cost for the Thermal Treatment Alternative
is $564,000. The scope of work and unit costs used to develop this estimate are
summarized in Table 3. .". - - _

Hot Spots. Hot spots are addressed by complete removal from the site. Metals hot
spots would be disposed of in licensed hazardous and/or solid waste landfills. The
remaining hot spot would be treated in the thermal desorption unit.

6.0 COMPARATIVE EVALUATION OF REMEDIAL ACTION ALTERNATIVES

This section of the FS presents an evaluation of the remedial action alternatives in
relation to one another. The comparative analysis is summarized in Table 4. In the
table, each alternative is compared to each of the other alternatives for each
evaluation criteria. An alternative is ranked as favorable (+), equal (0), or unfavorable
(-) in relation to every other alternative. The scores are summed at the right of the
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table for each alternative and then ranked. The following discussion provides a
rational for the comparative evaluation presented in Table 4.

Protectiveness. This criterion is pass/fail. An alternative must be protective as
defined by OAR 340-122-040 to be acceptable. With the exception of the No
Action Alternative, all of the remedial actions meet the protectiveness criteria. The
alternatives were not scored based on this criterion, but protectiveness was
considered when ranking the alternatives in the right-hand column.

Effectiveness. The alternatives were ranked based on the permanency of the
alternative and the lime required to complete the remedial action. The Landfill and
Thermal Treatment Alternatives are essentially permanent and require the same length
of time (equally ranked). The Cover Alternative ranked next, with No Action last

Long-Term Reliability. Alternatives that permanently treat the contamination
ranked highest. The Thermal Treatment Alternative was ranked higher than the
Landfill Alternative because a substantial portion of the removal volume would be
treated by thermal desorption (permanently destroying the contaminants). The
Cover Alternative is ranked the second lowest because only a small portion of the
contaminant volume (i.e., hot spot volume) is removed from the site. The No
Action Alternative was not considered a reliable remedial alternative.

Implementability. The No Action Alternative was considered the most easily
implemented remedial action. The soil removal alternatives were considered to be
"equally implementable because they both use similar construction methods. There
is uncertainty involved as to the ease of implementation of the cover alternative
because of the need for institutional controls. Therefore, the Cover Alternative was
ranked the lowest.

Implementation Risk. The No Action Alternative carries no implementation risk. -
Because implementation risk is primarily a function of excavation quantities and
transport of contamination on roadways, alternatives with less excavation (Cover)
ranked higher and alternatives with shorter haul distances (Thermal Treatment)
ranked next. Therefore, the Landfill Alternative ranked last.

Reasonableness of Cost. Cost estimates were developed for each of the remedial
options based on capital and long-term costs. The following list summarizes the
present worth total cost estimates for each alternative.

• No Action ($0);

• Cover ($288,000);
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• Landfill ($559,000); and

• Thermal Treatment ($564,000).

Hot Spots. All of the alternatives except No Action address hot spots by thermal
treatment and/or removal from the site.

7.0 RECOMMENDATIONS AND RESIDUAL RISK ASSESSMENT

Recommendations. We recommend the implementation of either the Landfill or
Thermal Treatment Alternatives. Either of these alternatives:

• Is protective of public health, safety, and welfare and the environment by
preventing exposure of receptors to the contaminants;

• Balances remedy selection factors; and

• Addresses hot spots by removal to an off-site landfill or treatment by thermal
desorption.

In the comparative analysis (Table 4), the Thermal Treatment Alternative scored
higher overall. The difference between the Thermal and Landfill Alternatives
focused on long-term reliability, implementation risk, and cost. Of these,
implementation risk is low overall for any of these alternatives. If the
implementation risk criterion is not considered, the Landfill and Thermal Treatment
Alternatives score equally. In this case, we would recommend selecting the lower
cost alternative at the time of construction.

Residual Risk Assessment. The baseline human health risk assessment identified
unacceptable risks in Areas A and B under the residential and commercial worker

- "~ scenario. In addition, in Area "A,; there wasi unacceptable risk tcfexcavation and"" --
construction workers (based on lead detected in one sample). There were no
predicted unacceptable risks to surface water receptors (ecological or human) or
terrestrial ecological receptors. Predicted unacceptable risks in Areas A and B
resulted from the potential ingestion and dermal contact with soil containing PAHs,

lead, and arsenic.

Upon implementation of the recommended alternative, the total site risk would be
reduced with the removal of soil contaminated above hot spot levels, established
cleanup levels, and the regional background level for arsenic. For each area of
concern, we estimated the magnitude of the residual risk remaining on-site after
remediation by removing the data corresponding to samples in the cleanup areas
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from the database and reolculaling the predicted residual risk for the receptors with
unacceptable risk in the baseline risk assessment

In addition, another objective of the residual risk assessment is to evaluate the
protectiveness of the recommended remedial alternative by evaluating potential
risks from subsurface soil redistribution during property redevelopment

Therefore, in addition to the residual risk calculations for the human receptor
populations evaluated in the baseline risk assessment, residual risk assessment
calculations were conducted for future residents using the 0-15 feet bgs depth prism
for soils in Areas A and B separately. While the predicted residual risks are presented
under both the Reasonable Maximum Exposure (RME) and Central Tendency (CT)
exposure conditions, Hart Crowser believes that the CT condition is appropriate for
evaluating potential risks from subsurface soil redistribution. This is because any
subsurface material that will be used for surface cover at the new development will be
mixed with other soil and/or landscaping material and assuming that the subsurface
soil will maintain the current concentrations is an unnecessarily conservative
assumption. The CT exposure condition (which is based on exposure to the arithmetic
mean concentration of COPCs found in the soil prism) already provides a conservative
assumption of potential future exposures because it is likely that subsurface soil
redistributed to the surface would be diluted by mixing. Appendix A of this report
provides all the supporting tables for this residual risk assessment.

The predicted residual risk is summarized as follows.

Area A. The residual risk assessment for future residents and commercial workers
resulted in unacceptable risks. However, all of the unacceptable risk estimates for
Area A resulted from exposure to the RME EPC for arsenic in soil, based on the
maximum detected concentration of arsenic in area A. If the mean (or CTTValue" for
arsenic in soil in .Area .A were used to calculate carcinogenic risks, all of the ,
predicted residual risk, both for individual and cumulative carcinogenic risks under
either future use scenario would be acceptable. The hazard indices for all future
exposure scenarios resulted in acceptable risks.

The residual residential risk assessment for evaluating the redistribution of
subsurface soil found that the carcinogenic risk to future residents from exposure to
individual carcinogens under the RME condition exceeded the DEQ acceptable risk
level of 1 x TO6. Additionally, the RME cumulative carcinogenic acceptable risk
level of 1 x 10's was exceeded for future residents. The calculated cumulative RME
excess lifetime cancer risk for future residents is 5 x 10'5. Two COPCs exceeded the
DEQ individual target risk level of 1 x 10*; arsenic and benzo(a)pyrene. However,
all of the risks predicted under the CT condition were acceptable.
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The cumulative RME HI for future residents (evaluation of redistribution of
subsurface soil) is 0.8. The cumulative RME HI was acceptable according to DEQ's
target risk levels as it was less than the acceptable value of 1.

Area B. The residual risk assessment for future residents and commercial workers
resulted in unacceptable risks. However, all of die unacceptable risk estimates for
Area B resulted from exposure to the RME EPC for arsenic in soil, based on the
maximum detected concentration of arsenic in area B. If the mean (or CT) value for
arsenic in soil in Area B were used to calculate carcinogenic risks, all of the
predicted residual risk, both for individual and cumulative carcinogenic risks under
either future use scenario would be acceptable. The hazard indices for all future
exposure scenarios resulted in acceptable risks.

The residual residential risk assessment for evaluating the redistribution of
subsurface soil found that the carcinogenic risk to future residents from exposure to
individual carcinogens under the RME condition exceeded the DEQ acceptable risk
level of 1 x 10*. Additionally, the RME cumulative carcinogenic acceptable risk
level of 1 x TO"5 was exceeded for future residents. The cumulative RME excess
lifetime cancer risk for future residents is 1 x 10"4. However, all of the unacceptable
risk estimates for Area B resulted from exposure to the maximum detected
concentration of COPCs found in the soil prism evaluated for this risk scenario. All
of the risks predicted under the CT condition were acceptable.
The cumulative RME HI for future residents is (redistribution of subsurface soil) 0.4.
The cumulative RME HI is acceptable according to DEQ's target risk levels as it is
less than the acceptable value of 1.
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Table 1 j ;
Soil Cleanup Levels i •
Marine Terminal 1 South Feasibility Study
Portland, Oregon

COPC

Applicable Depth
Interval (feet from
ground surface)
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)flouranthene
Dibenz(a,h)anthracene
lndeno(1 ,2,3-cd)pyrene
Arsenic
Lead5

Cleanup Levels1 in mg/kg
Residential

0-3

0.21
0.021
0.21

0.021
0.21
5.3 3

400

Commercial

0-3
• F ;

: 2.7
0.27

' 2.7
;
;: 0.27

' i'1 -2.7
V, 5.3 3

•.' 750

Excavation

0-15

270
27
270
27
270
220
750

Construction-EPA

0-15

21
2.1
21
2.1
21
13

750

Hot Spot Level2

(mg/kg)

0-15

21
2.1
21
2.1
21
194

4,000
F:\DATAVJobs\Port at PoitlaniMS230 Term 1 SupponYTeeh Supp and FS. -OWFeaBibility Study (TaUe 1)

Notes:
1. Based on Human Health Risk Assessment (Hart Crowser, 2002a), except arsenic (see footnote 3) and lead

(see footnote 5); concentration associated with 1x10'6 excess cancer risk for individual carcinogen.
2. Conservatively calculated based on 100 times (carcinogens) or 10 times (noncarclnogens) the established

residential Cleanup Level, ' ! : ' ' , ' •'•
3. Based on Statistical Background Concentration (Hahn and Associates, 2001 a).
4. Calculated based on 100 times the acceptable" residential risk level. Arsenic residential soil acceptable

risk level is 0.19 mg/kg. ' ' •
5. EPA Region 9 Preliminary Remediation Goals (November 2000).
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Table 2
Initial Screening and Evaluation of Technologies for Soil
Marine Terminal 1 South Feasibility Study
Portland, Oregon

General
Response
Action Technology Dwottofl

Sortetr.ng
Comments

Nona Rotalnad as a basetlna lor comparison.

INSTITUTIONAL
CONTROL

Access Restriction Restrict access with physical a/icvor legal barriers. Effective at preventing direct contact. Applicable in conjunction witn other ujchnoiogle*.

Laboratory analyses of soil samples. Effective lor documenting renditions and concentrations ol
contaminants rflrnaln'ng In Inn r.oil.

AppilcaWo to document elfoctlvenoss ol other treatment
technologlea

Obposai

Removal cf conlarninated soil, usfng convontJana! equipment or Effective to dop-ns of up to 20 to 30 leet, but may require
specialized meinoos where needed. dewatering and/or shoring for depths over a few feet.

Applicable to shallow source soils.

Disposal ol excavated soils in suitable landiri Etlective. but does not reducs volume or toxlcity of contamination. Applicable for handing excavated soils. May have luturo nattily.

CONTAINMENT Cover Cover area ol conianunated sol* wrm Impcrmeabre (or semi- Effective a* prevuntfny direct contact. May re<tuco mobilization of Applicable to minimize direct contact wUh coniaminAterj son.
permeabW cover. contaminants (reduction of precipitation Infiltration).

IN-SITU BIOtOGICAL
TREATMENT

Tl
O
Tl

0)
O)
O
O
CD
Cn

Please refer to note at ond or tabio.
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Table 2
Initial Screening and Evaluation of Technologies for Soil
Marine Terminal 1 South Feasibility Study
Portland, Oregon

iN-srru PHYSICAL'
CHEMICAL/THERMAL
TREATMENT
(CONTINUED)

EX-SITU BIOLOGIC.*
TREATMENT

EX-SITU PHYSICAL
CHEMICAL/ THERMAL
TREATMENT

TJ
O
TJ

Thermal
OesorprlorV
PyrCrtyjiV Hot Gas
Oeccntamlnalkin

Waste sows are named to «Iihur volatilize (desorptfon and hoi
gBSJ or to anaerobtcaJly decompose {pyrtilyiJs) organic
contaminants, en-gas is coiieciod and mua.

etfcctiva \n Ehn foaftner« of sals contaminated with volatlia
organics. Limitations exist on contaminant concentrations,
especially for chlorinated hydrocarbons.

«xlst ih« con thermally treot excavated soil. Acceptability
will depend on concentration oi metals in excavated soil {limited by
tho treatment laciiity).

O)
O
O
CD
cn
01

Note:
1 Shading reproacnu technologies Uvii nave boen eiiminaiod from coraideraton.



Tables
Estimated Costs for Individual Remedial Action Alternatives
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Quantity Unit Unit Cost Extension
No Action

Entire Site Estimated Cost $0

Cover/Deed Restriction with Hot Spot Removal
Capital Costs

Deed Restriction
Mobilization Earthmoving Equipment
Excavation
Backfilling
Site Grading
Base Course
Asphalt Concrete Pavement
Haul lo LandNI Non-Hazardous
Disposal Landfill Non-Hazardous
Haul to Landfill Hazardous
Disposal Landfill Hazardous
Dust Control
Design/Work Plan/Procurement
Subcontractor Oversight
Report
10% Contingency on Capital Cost

Long-Term Costs (Present Value')
Cover Maintenance
Engineering Oversight
5% Contingency on LT Cost

1 Is $15,000
1 Is 310,000

480 tons $2
480 tons $10
1 2. acre $2,000

3,300 tons $10
51,200sf $1

370 tons $7.5
370 tons $30
110 tons $21
110 tons $120

10 day $150
1 lump sum $20,500

10 day $1,500
1 lump sum $8,000

Total Capital Cost

30 years $3,000
30 years $2,500

Present Worth Long-Tern Cost
Entire Site Estimated Cost

$15,000
$10,000

$960
$4,800
$2,400
$33,000
$51,200
$2.775
$11,100
$2,310
$13,200
$1,500
$20,500
$15,000
$8,000
$19,175

$211,000

$35,500
$29,600
$3,255

$68,400
$280,000

Excavation/Off-site Landfill Disposal
Mobilization Earthmoving Equipment
Excavation
Backfilling
Haul to Landfill Non-Hazardous
Disposal Landfill Non-Hazardous
Haul to Landfill Hazardous
Disposal Landfill Hazardous
Dust Control
Design/Work Plan/Procurement
Subcontractor Oversight
Report
10% Contingency on Capital Cost

1 Is $10,000
8,500 tons $2
8,500 tons $8
8,020 tons $7.5
8,020 Ions $28

480 tons $21
480 tons $120

15 day $150
1 lump sum $20,500

15 day $1,500
1 lump sum $8,OOO

Entire Site Estimated Cost

$10,000
$17,000
$68.000
S60.150
$224,560
$10,080
$57,600
$2,250
$20.500
$22,500
$8,000

$50,064

$551,000

Excavation/Soil Treatment by Thermal Desorptlon
Mobilization Earthmoving Equipment
Excavation
Backfilling
Haul to Landfill Hazardous
Disposal Landfill Hazardous
Haul to Thermal Desorption
Treatment
Dust Control
Design/Work Plan/Procurement
Subcontractor Oversight
Report
10% Contingency on Capital Cost

1 Is $10,000
8,500 tons $2
8,500 tons $8

480 tons $21
480 tons $120

8,020 tons $4.5
8,020 tons $32

15 day $150
t lump sum $20,500

15 day $1,500
1 tump sum $5,000

Entire Site Estimated Cost

$10,000
$17,000
$68,000
$10,080
$57,600
$36,090
$256,640
$2,250
$20,500
$22,500
$5,000
$50,566

$557,000

Note:
' Present value costs calculated with an annual discount of 7.5 percent.

POPT1S600956
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Table 4
Comparison of Remedial Action Alternatives
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Treatment by Thermal
D Desorption/Limited

Off-site Landfill Disposal

Notes:
1. + = The alternative is favored over the compared alternative (score=1)
2. 0 = The alternative is equal with the compared alternative (score=0)
3. - = The alternative is less favorable than the compared alternative (score=-1)
4. Rank based on both protectiveness and balancing factors.

F:U3ATA\JobsM^ort of PorUancM5230 Term 1 SupportVToch Supp and FS, -OJ\rea3ib)liTy Sfeldy (TaWa 2 3nd 4j

Key to Comparison Grid

Technology A
Technology B



Site Location Map
Terminal 1 South Feasibility Study
Port of Portland, Portland, Oregon

Note: Base map prepared from the USGS 7.5-rninufe quacirangSe of Poland. OR dated 1990.
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S'/fe Plan
Terminal 1 South Feasibility Study
Port of Portland, Portland, Oregon

TJ
O
-u
—L

C/)
O)
o
o
CD
Ul
CD

W I L L A M E T T E R I V E R

BfMlh106

,-- r—--

iI
'..J ;
"" "*

r. on AtitoCAO ilt6 prrjvi(Jefl by Olson Engifi

Maul Foster and Alongl. Inc. Push Proha Boting Lnratlon and Numbar (March 1998)

HAI Push Probe Soring Looallori and Number (2000)

«•>>•! * HAI Monitoring Well Locution and Number (2001)

0 10G

Approximate Scaio In Fset 1SS30

Figure

IS/US



So/7 Samplvs Exceeding Cleanup Levels
Terminal 1 South Feasibility Study
Port of Portland, Portland, Qrogvn
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Location of Soil Above Cleanup or Hot Spot Levels
Terminal 1 South Feasibility Study
Port of Portland, Portland, Oregon
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RESIPUAL RISK AS^SSMENT TABLES
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Table A-1
Residual Risk Assessment (Samples Removed for Residual Risk Assessment)
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Sample

B-52
B-64/64a
B-65/65a
B-87
B-89
B-92

Depth

2
2.5
2.5
2.5
2.5
10

Sample

B-38
B-47
B-53
B-68
B-72
B-74
B-80
B-81
B-82
B-94
B-108

Depth

10
2.5

1
2.5
2.5
2.5
10

2.5
2.5
2.5
2.5

POPT1S600963



Table A-2
Revised Exposure Point Concentrations: Residual Risk Asssessment Soil and Groundwater
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Anatyte Maximum Distribution 90 % UCL
Arithmetic

Mean
EPC

RME CT

AREA A: SURFACE SOIL (0 to 3 feet bgs]1

Metals In mg/kg
Arsenic
Lead

TPH in mg/kg
Diesel Range
Oil-Range

7.53
28.1

45.2
1S1

AREA A: GROUNDWATER
Tetrachloroethene 2.66

Lognormal
Lognormal

Assm. Lognormal
Assm. Lognormal

Maximum
AREA B: SURFACE SOIL (0 to 3 feet bgs)'
Metals In mg/kg

Arsenic
TPH In mg/kg

Oil-Range

3.1

6030
AREA B: GROUNDWATER

Chloroform 2.09

Maximum

Maximum '

Maximum

1.4E+01
3.7E+02

2.7E+01
6.1E-t01

2.7E-JOO

3.1E+00

6.0E+03

2.1E+00

2.4E+00
9.5E+00

2.0E+01
4.5E+01

1.2E+00

3.0E+00

1.6E+03

7.3E-01

7.5E+00
2.8E401

2.7E-f01
6.1E401

2.7E+00

3.1E+CO

6.0E+03

2.1E+00

2.4E+00
9.5E-VOO

2.0E+01
4.5E+01

1.2E+00

3.0E-tflO

1.6E403

7.3E-01
DATAJoMIPod a PonlantM523I) wm t SuppomFn^bKty StutyUcmnb A Tibta <T<U» A-C. EPC raadMWI

Note:
1. Only metals and TPH were detected in sampled remaining after cleanup (I.e.. PAHs were not detected).

Acronyms and Abbreviations:
EPC = Exposure point concentration CT = Central Tendency
PAHs = Polynuclear aromatic hydrocarbons SQL = Standard quantification limit
RME = Reasonable maximum exposure NA = Not applicable

POPT1S600964
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Sheet 1 of 4

Table A-3 - Area A Residual Risk Calculations
Soil Ingestion, Resident
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Metals
Arsenic

Soil EPC in mg/kg

RME

7.5E+00

CT

2.4E+00

(

Hazard Intake
in mg/kg-day

RME

1 .9E-04

CT

1.8E-06
TOTAL HAZARD INDEX

Hazard Quotient

RME

6.4E-01
6.E-01

CT

5.8E-03
6.E-03

Cancer Intake
In mg/kg-day

RME

2.0E-05

CT

1.6E-07

TOTAL CANCER RISK

Cancer Risk

RME

3.0E-05
3.E-05

CT

2.4E-07
2.E-07

DATAUHaWort & PortandvlttX '(tun 1 SivfOrWMKMMy SnrtjWppareto * T»N*ARuttua> RraX AMMSWrt T«W«j (Toblo A-3 Ara» A FKUKIMul »•« Colcl noilflu

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Sheet 2 of 4

Table A-3 - Area A Residual Risk Calculations
Dermal Contact with Soil, Resident
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Metals
Arsenic

ABS

0.03

Soil EPC In mg/kg

RME

7.5E+00

CT

2.4E+00

Hazard Intake
In mg/kg-day

RME

7.2E-05

CT

7.1E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

2.4E-01
2.E-01

CT

2.4E-03
2.E-03

Cancer Intake
in mg/kg-day

RME

6.8E-06

CT

6.3E-08
TOTAL CANCER RISK

Cancer Risk

RME

1.0E-05
1.E-OS

CT

9.4E-08

9.E-08

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-3 - Area A Residual Risk Calculations
Vapor Inhalation (Indoor Air), Resident
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Volatile Organic Compounds
Tetrachloroethene

Air EPC in mg/3

RME

1 .2E-05

'CT

'1'.2E-05

|: '

Hazard Intake
in mg/kg-day

RME

6.4E-06

CT

6.4E-06
TOTAL HAZARD INDEX

Hazard Quotient

RME

7.6E-05
8.E-05

CT

7.6E-05
8.E-05

Cancer Intake
In mg/kg-day

RME

1.4E-06

CT

6.5E-07
TOTAL CANCER RISK

Cancer Risk

RME

3.6E-09
i 4.E-09

CT

1.7E-09
2.E-09

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-3 - Area A Residual Risk Calculations
Fugitive Oust Inhalation, Resident
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of .
Potential Concern

Metals
Arsenic

PEF
in m3/kg

1.32E+09

Air EPC

RME

5.7E-09

In mg/3

CT
:

1.8E-09

j

Hazard Intake
in mg/kg-day

RME

3.0E-09

CT

9.6E-10
TOTAL HAZARD INDEX

Hazard Quotient

RME

O.E+00

CT

O.E+00

Cancer Intake
In mg/kg-day

RME

6.7E-10

CT

9.9E-11

TOTAL CANCER RISK

Cancer Risk

RME

1.0E-08
1.E-08

CT

1.5E-09
1.E-09

OATAVJoMtPort of PortwrtiSMO tain 1 Suppcifif awbiOy &ud/Apocn*t A TaMBrtRoddud Rb* MMaamert Tett« |T«h*" AO Arnt A R«(<jen9»jRJ>k Caka Paadud)

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-4 • Area A Residual Risk Calculations
Soil Ingestion, Commercial Worker
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Metals
Arsenic

Soil EPC In mg/kg ;.,

RME

7.5E+00

CT ,
I

2.4E+00

Hazard Intake
In mg/kg-day

RME

7.4E-06

CT

1.2E-06
TOTAL HAZARD INDEX

Hazard Quotient

RME

2.5E-02
2.E-02

CT

3.9E-03
4.E-03

Cancer Intake
in mg/kg-day

RME

2.6E-06

CT

1.0E-07

TOTAL CANCER RISK

Cancer Risk

RME

3.9E-06
4.E-06

CT

1.5E-07

2.E-07
cf Poiu>ruft!G230 1'wrn i Suppwtrf̂ cbilrty €iuaA*CP*"rf« A iHl Risk AKoument TtblM (Toblo A-4 Aroi A Comrwrdtt RiBh can

Notes:
1. RME = Reasonable Maximum Exposure
2. CT a Central Tendency
3. EPC = Exposure Point Concentration
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Table A-4 - Area A Residual Risk Calculations
Dermal Contact with Soil, Commercial Worker
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Metals
Arsenic

ABS

0.03

Soil EPC In mg/kg

RME

7.5E+00

CT

2.4E+00

Hazard Intake
in mg/kg-day

RME

7.3E-07

CT

1.8E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

2.4E-03
2.E-03

CT

6.0E-04
6.E-04

Cancer Intake
In mg/kg-day

RME

2.6E-07

CT

1.5E-08
TOTAL CANCER RISK

Cancer Risk

RME

3.9E-07
4.E-07

CT

2.3E-08
2.E-08

n of PortlandMG2» Tom \ wrtn A 7*bi*>\Hor*iaf Risk AM«tsnntn; TcLIn (Tafito A-< Ana fli»k Calw Rooduti}

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-4 - Area A Residual Risk Calculations
Vapor Inhalation (Indoor Air), Commercial Worker
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Volatile Organic Compounds
Tetrachloroethene

Air EPC In mg/3

RME

4.0E-06

CT

4.0E-06

Hazard Intake
In mg/kg-day

RME

1 5.9E-07

CT

5.9E-07

TOTAL HAZARD INDEX

Hazard Quotient

RME

5.4E-06
5.E-06

CT

5.4E-06
5.E-06

Cancer Intake
In mg/kg-day

RME

2.1E-07

CT

5.1E-08
TOTAL CANCER RISK

CSF
in (mg/kg-

day)-!

2.6E-03

Cancer Risk

RME

5.5E-10

6.E-10

CT

1.3E-10
1.E-10

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration

DATAUaWPOfl Of Pom*niA155)& Tom 1 ity &wrfA**(*oSU A T RM AjMnrwil Tittet lTtH» A-
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Table A-4 • Area A Residual Risk Calculations
Fugitive Dust Inhalation, Commercial Worker
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Metals
Arsenic

PEF
In m3/kg

1.32E+09

AirEPCInmg/3

RME

5.7E-09

CT
I

i •

. 1 .8E-09
i

i i

Hazard Intake
In mg/kg-day

RME

8.5E-10

CT

2.7E-10

TOTAL HAZARD INDEX

Hazard Quotient

RME i CT

O.E+00 O.E+00

Cancer Intake
in mg/kg-day

RME

3.0E-10

CT

2.3E-11

TOTAL CANCER RISK

Cancer Risk

RME

4.5E-09

CT

3.5E-10

6.E-09 i 3.E-10

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-5 - Area B Residual Risk Calculations
Soil Ingestion, Resident
Marine Terminal 1 South Feasibility Study \
Portland, Oregon ; .;

Compounds of
Potential Concern

Metals
Arsenic

Soil EPC In mg/kg

RME

3.1E+00

CT

3.0E+00

Hazard Intake
in mg/kg-day

RME

: 7.9E-05

CT

2.2E-06

TOTAL HAZARD INDEX

Hazard Quotient

RME

2.6E-01

3.E-01

CT

7.3E-03

7.E-03

Cancer Intake
In mg/kg-day

RME

8.3E-06

CT

2.0E-07

Cancer Risk

RME

1 .2E-05

TOTAL CANCER RISK 1 .E-05

CT

3.0E-07
3.E-07

OATWJcJiitf'on a PoraanfliraSOTirm 1 SuppciflFooslWHy SfedyWfovIti A TtbloKSojiauil F Tablw (TAt>10 A-G futa & RMteintio! Rlsx C&lra ft

1. RME a Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-5 - Area B Residual Risk Calculations
Dermal Contact with Soil, Resident j! ';
Marine Terminal 1 South Feasibility Study ;
Portland, Oregon < ,

Compounds of
Potential Concern

Metals
Arsenic

ABS

0.03

Soil EPC in mg/kg

RME

3.1E+00

CT

3.0E-J-00
!

Hazard Intake
in mg/kg-day

RME

3.0E-05

CT

8.9E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

9.9E-02
1.E-01

CT

3.0E-03
3.E-03

Cancer Intake
in mg/kg-day

RME

2.8E-06

CT

7.9E-08

Cancer Risk

RME

4.2E-06
TOTAL CANCER RISK 4.E-06

CT

1 .2E-07
1.E-07

OATAU*A°oil of PwlartMSiao Tom 1 Support*M«M>ly Snxly\»p<>tix*Ji ATaWwVRodduiil Bu> Auoramint T'lilu (T«W» A-9 ATM 0 Pu<ttr«l>l Riik Coin I

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-5 - Area B Residual Risk Calculations
Vapor Inhalation (Indoor Air), Resident •'*• <:

Marine Terminal 1 South Feasibility
Portland, Oregon

Compounds of
Potential Concern

Volatile Organic Compounds
Chloroform

Indoor Air EPC
in mg/ms

 :

RME

2.8E-06

CT

9.7E-07

i Hazard Intake
in mg/kg-day

RME

1.5E-06

CT

'5.1E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

1 .7E-02
2.E-02

CT

6.0E-03
6.E-03

Cancer Intake
In mg/kg-day

RME

3.3E-07

CT

5.3E-08
TOTAL CANCER RISK

Cancer Risk

RME

2.7E-08
3.E-08

CT

4.3E-09
4.E-09

Notes: ,
1. Indoor Air EPC modeled from maximum detected groundwater concentration using DEQ's RBDM Guidance (DEQ, 2001 b).
2. Outdoor Air not evaluated since Indoor air risks and hazards were acceptable.
3. RME = Reasonable Maximum Exposure ;li -j
4. CT = Central Tendency ;'. ' ...t
5. EPC = Exposure Point Concentration ; i "
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Table A-5 - Area B Residual Risk Calculations'
Fugitive Dust Inhalation, Resident
Marine Terminal 1 South Feasibility Study|, '
Portland, Oregon I ! i

Compounds of
Potential Concern

Metals
Arsenic

PEF

In m3/kg

1 .32E+09

Air EPC

RME

2.3E-09

. (i

In mg/3

CT

T
2.3E-09

>

Hazard Intake
In mg/kg-day

• RME

1.2E-09

CT

1.2E-09
TOTAL HAZARD INDEX

Hazard Quotient

RME

O.E+00

CT

O.E+00

Cancer Intake
In mg/kg-day

RME

5.9E-10

CT

1.2E-10
TOTAL CANCER RISK

Cancer Risk

RME i CT
j

8.9E-09 i 1.9E-09
9.E-09 ! 2.E-09

Notes:
1. RME - Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration



Sheet 1 of 3

Table A-6 - Area B Residual Risk Calculations
Soil ingestion, Commercial Worker , ,
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

Metals
Arsenic

Soil EPC

RME

3.1E+00

In mg/kg

CT

3.0E+00

Hazard Intake
In mg/kg-day

, RME

3.0E-06

'CT

1.5E-06
TOTAL HAZARD INDEX

Hazard Quotient

RME

1.0E-02
1.E-02

CT

4.9E-03
5.E-03

Cancer Intake
fn mg/kg-day

RME

1.1E-06

CT

1.3E-07
TOTAL CANCER RISK

Cancer Risk

RME

1.6E-06
2.E-06

CT

1.9E-07
2.E-07

o< PoninnA15£3Q TcmV Supprtiff wuibillty StutyAppwvfo AT«blMM=ta*WuQl Risk >fisowro«rt T«tte» (Table A-5 ATM 6 CcmnvfCTol Risk Cotoa

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration

TJ
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Table A-6 - Area B Residual Risk Calculations
Dermal Contact with Soil, Commercial Worker
Marine Terminal 1 South Feasibility Study
Portland, Oregon ! ;

Compounds of
Potential Concern

Metals
Arsenic

ABS

0.03

Soil EPC in mg/kg

RME

3.1E+00

CT
t

ii :
3.0E+00

t .

Hazard Intake
in mg/kg-day

RME

3.0E-07

CT

2.3E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

9.9E-04
1.E-03

CT

7.5E-04
8.E-04

Cancer Intake
In mg/kg-day

RME

1.1E-07

CT

1.9E-08
TOTAL CANCER RISK

Cancer Risk

RME

1.6E-07
2.E-07

CT

2.9E-08
3.E-08

TJ
O

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration

O5
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Table A-6 - Area B Risk Calculations :

Fugitive Dust Inhalation, Commercial Worker
Marine Terminal 1 South Feasibility Study ]
Portland, Oregon

, i.

Compounds of
Potential Concern

Metals
Arsenic

PEF

In m3/kg

1.32E+09

•li !i':
AlrEPCinmg/3

RME

2.3E-09

CT
I

2.3E-09
.... .

Hazard Intake
in mg/kg-day

• RME
i
! 3.5E-10

CT

3.4E-10
TOTAL HAZARD INDEX

Hazard Quotient

RME CT

O.E+00 O.E+00

Cancer Intake
In mg/kg-day

RME

1.2E-10

CT

2.9E-1 1
TOTAL CANCER RISK

Cancer Risk

RME CT

1.9E-09
2.E-09

4.3E-10
4.E-10

OATAJaMTot d nxtin&MtX Tom 1 a*pcrtf easMity SfjitfJ'fftffSt »TaUwlR«litial RM tomuinut Trtiln ITtble A-o Area 0 Ctmmeidrt Ft* Cdo «m!Ual)

Notes:
1. RME a Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration



Table A-7 >
Residual Risk and Hazard Summary: By Exposure Pathway
Marine Terminal 1 South Feasibility Study
Portland, Oregon ,

SubArea

Area A

Area B

Exposure Scenario

Resident
Commercial Worker

Resident
Commercial Worker

: RME Cancer Risk

Ingest ion

3.E-05
4.E-06

1.E-05
2.E-06

Dermal

1.E-05
4.E-07:

4.E-06
2.E-07

Inhalation ol
Volatiles

4.E-09
6.E-10

3.E-08
NA

Inhalation of
Dust

1.E-08
5.E-09

9.E-09
2.E-09

TOTAL

""" • î̂ je*1'"
1.E-05
2.E-08

RME Hazard Index

Ingestion

6.E-01
2.E-02

3.E-01
1.E-02

Dermal

2.E-01
2.E-03

1.E-01
1.E-03

Inhalation of
Volatiles

8.E-05
5.E-06

2.E-02
NA

Inhalation o'
Dust

O.E+00
O.E+00

O.E+00
O.E+00

TOTAL

8.E-01
2.E-02

4.E-01
1.E-02

SubArea

Area A

AreaB

Exposure Scenario

Resident
Commercial Worker

Resident
Commercial Worker

1 ' CT Cancer Risk

Ingestion

2.E-07
2.E-07

3.E-07
2.E-07

Dermal1

9.E-08
2.E-08

1.E-07
3.E-08

Inhalation of
Volatiles

2.E-09
1.E-10

4.E-09
NA

Inhalation of
Dust

1.E-09
3.E-10

2.E-09
4.E-10

TOTAL

3.E-07
2.E-07

4.E-07
ZE-07

CT Hazard Index

Ingestion

6.E-03
4.E-03

7.E-03
5.E-03

Dermal

2.E-03
6.E-04

3.E-03
- 8.E-04

Inhalation of
Volatiles

8.E-05
5.E-06

6.E-03
NA

Inhalation of
Dust

O.E+00
O.E+00

O.E+00
O.E+00

TOTAL

8.E-03
5.E-03

2.E-02
6.E-03

DATAUototPwl «f PoflunAieno Twin 1 Supp«w«<eJbMjr sud?W|rF«"i* A T«fiU*fl«WuaJ flu A»«nm«il TBMM (T«w* A-TtMi A.T end A-* RW sum Rtn*«aj

Note:
1. Shaded boxes indicate exposure scenaros that exceed the DEQ's acceptable risk targets.
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Table A-8
Residual RME Risk Summary: By COPC
Marine Terminal 1 South Feasibility Study
Portland, Oregon

SubArea

Area A

AreaB

Exposure Scenario

Resident

Commercial Worker

Resident

Commercial Worker

COPC

Arsenic

Arsenic

Arsenic

Arsenic

RME Cancer Risk

Ingestion

3.E-05

4.E-06

1.E-05

2.E-06

Dermal

1.E-05

4.E-07

4.E-06

2.E-07

Inhalation
of Volatites

na

na

na

na

Inhalation
of Dust

1.E-08

5.E-09

9.E-09

2.E-09

TOTAL

OATAUobdPwl of PorttwA i523t) Twin 1 SupportFeoafclSty SaKJAAppwidta A1 aUwftRflddiul FQcfc ABsgogrnml Teb*o (T*bl» A-Twb'* A-7 and A-d Rfek Sum RmUuztf)

Note:
1. Shaded boxes indicate COPC that exceeds the DEQ's acceptable risk target.
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Table A-9
Exposure Point Concentrations for Soil Redistribution Residual Risk Assessment
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Ana M AY imi imIVIOAIIIIUIII . D'stribution on oj iipi
9v /o Uwl-

Arithmetic
Mean

EPC

RME CT

AREA A: TOTAL SOIL (0 to 15 feet bgs)
PAHs in mg/kg

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a,h)anthracene
lndeno(1 ,2,3-cd)pyrene

Metals in mg/kg
Arsenic
Lead

TPH in mg/kg
Diesel Range
Oil-Range

1.76
1.86
1.09

0.0176
1.09

11.2
28.1

1170
1760

Weak Lognormal
Weak Lognormal
Weak Lognormal

Maximum
Weak Lognormal

Lognormal
Lognormal

Assm. Lognormal
Assm. Lognormal

1.1E-01
1.2E-01
1.1E-01
3.9E-02
8.3E-02

7.4E+00
5.4E+01

5.8E+01
1.2E+02

1.0E-01
1.1E-01
8.6E-02
3.8E-02
7.6E-02

3.0E+00
9.3E+00

7.8E+01
1.6E+02

1.1E-01
1.2E-01
1.1E-01
1.8E-02
8.3E-02

7.4E+00
2.8E+01

7.8E+01
1.6E+02

1.0E-01
1.1E-01
8.6E-02
1.8E-02
7.6E-02

3.0E+00
9.3E+00

7.8E+01
1.6E+02

AREA B: TOTAL SOIL (0 to 1 5 feet bgs)
PAHs in mg/kg

Benzo(a}anthracene
Benzo(a)pyrene
Benzo(b)1luoranthene
Dibenz(a,h)anthracene
lndeno(1 ,2,3-cd)pyrene

Metals in mg/kg
Arsenic

TPH in mg/kg
Diesel Range
Oil-Range

1.51
1.45
1.28

0.247
0.718

~~3.6

3440
20700

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal

Maximum

Assm. Lognormal
Assm. Lognormal

5.2E+00
5.5E+00
3.8E+00
4.2E-01
1.7E+00

3.6E+00

7.4E+02
9.9E+03

4.6E-01
4.8E-01
4.0E-01
1.3E-01
2.8E-01

2.9E+00

3.1E+02
1.9E+03

1.5E+00
1.5E+00
1.3E+00
2.5E-01
7^E-01

3.6E+00

7.4E+02
9.9E+03

4.6E-01
4.8E-01
4.0E-01
1.3E-01
2.8E-01

2.9E+00

3.1E+02
1.9E+03

DAT«Job»Vort ol Port«mM5230 Twm 1 SuppornTech B f̂ and F3, -0(AFeiultiC«y StudyVAppcniln A T>bhe\Soil iVrficUtutoi Ruiienlial Riajduat Rilli T«hki (A-S EPC Sid RcdijtrfcuOon

Acronyms and Abbreviations: . _-
EPC = Exposure point concentration7^ -'
PAHs = Polynuclear aromatic hydrocarbons
RME = Reasonable maximum exposure

CT = Central Tendency '---
SQL = Standard quantification limit
NA = Not applicable

POPT1S600982
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TJ
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Table A-10 - Area A Residual Sod Redistribution Risk Calculations
Soil Ingestion, Resident '
Marine Terminal 1 South Feasibility Study
Portland, Oregon •

Compounds of
Potential Concern

PAHs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a,h)anthracene
lndeno(l ,2,3-cd)pyrene

Metals
Arsenic

1

So!) EPC in mg/kg

RME

1.10E-01
1 .20E-01
1.10E-01
1.80E-02
8.30E-02

7.4E+00

CT

! i i

1.00E-01
1.10E-01
8.60E-02
1.80E-02
7.60E-02

I1

3.0E+00
• : l

Hazard Intake
in mg/kg-day

RME

2.8E-06
• 3.1E-06
.2.8E-06
:'4.6E-07
. 2.1E-06
j
'1.9E-04

CT

7.3E-08
8.0E-08

I 6.3E-08
1.3E-08

1 5.6E-08

2.2E-06
TOTAL HAZARD INDEX

Hazard Quotient

RME | CT

«
-.
--
-
-

6.3E-01

-
—
—
-
«

7.3E-03
6.E-01 | 7.E-03

Cancer Intake
in mg/kg-day

RME

2.9E-07
3.2E-07
2.9E-07
4.8E-08
2.2E-07

2.0E-05

L CT

6.6E-09
7.3E-09
5.7E-09
1.2E-09
5.0E-09

2.0E-07
TOTAL CANCER RISK

Cancer Risk

RME

2.1E-07
2.3E-06
2.1E-07
3.5E-07
1.6E-07

3.0E-05
3.E-05

CT

4.8E-09
5.3E-08
4.1E-09
8.7E-09
3.7E-09

3.0E-07
4.E-07

i I OATAviobaPon ol PonUrxfilGJM Tonr 1 Supf»mT«ti Sufp and FS. -OWoobMy S^d/Acpimfn A TobH*Sol! Hodls*ijlion HUdonttl Rwduil Ha. TabKa (A-10 ATM A RokmnUII Soil VmS» RatUuil Rltk)

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-10 - Area A Residual Soil Redistribution Risk Calculations
Dermal Contact with Soil, Resident •;'[; . , . , '
Marine Terminal 1 South Feasibility Study ;
Portland, Oregon ' !

Compounds of
Potential Concern

PAHs

Benzo(a)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a,h)anthracene
lndeno(1 ,2,3-cd)pyrene

Metals
Arsenic

ABS

0.13

0.13
0.13
0.13
0.13

0.03

Soil EPC in mg/kg

RME

1.10E-01

1.20E-01
1.10E-01
1.80E-02
8.30E-02

7.4E+00

CT

1 !OOE-01

1J10E-01
8.60E-02
1.80E-02
7<60E-02
;i

3IOE+00

tf:-1.-

Hazard Intake
In mg/kg-day

RME

4.6E-06

5.0E-06
4.6E-06
7.5E-07
3.4E-06

|

7.1E-05

CT

1.3E-07

1.4E-07
1.1E-07
2.3E-08
9.7E-08

8.9E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

--
--
••

--
—

2.4E-01
2.E-01

CT

--
.-
--
--
..

3.0E-03
3.E-03

Cancer Intake
in mg/kg-day

RME

4.3E-07

4.7E-07
4.3E-07
7.0E-08
3.2E-07

6.7E-06

CT

1.1E-08

1.2E-08
9.8E-09
2.0E-09
8.6E-09

7.9E-08
TOTAL CANCER RISK

Cancer Risk

RME

3.1E-07

3.4E-06
3.1E-07
5.1E-07
2.4E-07

1.0E-05
1.E-05

CT

8.3E-09

9.1E-08
7.1E-09
1 .5E-08
6.3E-09

1.2E-07
2.E-07

OAT»\l*»',Port a PcnfelKlMttW Turn I auvtcmTocO Supp ind F6,4nF«uMly StuVAEPOTtti * TUMMSoIl FUdMbJon RoiUinUil Rntt-jol Bl«<T»tto (A-10 An» A IMdnittll Boi flodlll RetfOal Rlik)

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-10 - Area A Residual Soil Redistribution Risk Calculations
Vapor Inhalation (Indoor Air), Resident, '
Marine Terminal 1 South Feasibility Study
Portland, Oregon . j ;

Compounds of
Potential Concern

Volatile Organic Compounds
Tatrachloroethene

Indoor Air EPC
in ma/m3

RME

1.2E-05

i
CT

i : '

5.2E-06
•

Hazard Intake
In mg/kg-dav

RME

6.4E-06

CT

2.8E-06
TOTAL HAZARD INDEX

Hazard Quotient

RME

7.6E-05
8.E-05

CT

3.3E-05
3.E-05

Cancer Intake
In mg/kq-dav

RME

1.4E-06

CT

2.8E-07
TOTAL CANCER RISK

Cancer Risk

RME

3.6E-09
4.E-09

CT

7.4E-10
7.E-10

ol Pontaxft1S230 Tom 1 SveportTochSlM anl FS. -OOfest'tH, $tudy\Acponlt< ATnK«1S<rl floilil/Jnrijn RrailorMl fto«iA»inî i ttlDiai f*-IO AIM I. KtiUvwi Sal fl*llJl ttattua «

Notes: '
1 . Indoor Air EPC modeled from maximum detected groundwater concentration using DEQ's RBDM Guidance (DEQ, 2001 b).
2. Outdoor Air not evaluated since indoor air risks and hazards were acceptable.
3. RME = Reasonable Maximum Exposure \ ' , [ ' , ;.
4. CT = Central Tendency v' .'•','
5. EPC = Exposure Point Concentration } !,":, '•• '
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Table A-10 - Area A Residual Soil Redistribution Risk Calculations
Fugitive Dust Inhalation, Resident '
Marine Terminal 1 South Feasibility Study , -
Portland, Oregon ; •

Compounds of
Potential Concern

PAHs

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dlbenz(a,h )anth racen e
lndeno(1 ,2,3-cd)pyrene

Metals
Arsenic

PEF
In m3/kg

1.32E+09
1 .32E+09
1.32E+09
1.32E+09
1.32E+09

1.32E+09

Air EPC in.mg/ai

RME

8.3E-11
9.1E-11
8.3E-11
1.4E-11
6.3E-1 1

5.6E-09

:r CT

I I

7.6E-11
8.3E-11

,6'.5E-11
1.4E-11
5.8E-1.1
.i

.2:3E-09

Hazard Intake
In mg/kg-day

RME i

4.4E-1 1'
4.8E-11
4.4E-11
7.2E-12
3.3E-11,

3.0E-09

CT

4.0E-11
4.4E-11
3.5E-11
7.2E-12
3.1E-11

1.2E-09
TOTAL HAZARD INDEX

Hazard Quotient

RME

—
-
—
•-
-

«
O.E+00

CT

.
«
-
-
-

-
O.E-t-00

Cancer Intake
In mg/kg-day

RME

2.1E-11
2.3E-1 1
2.1E-11
3.5E-12
1.6E-11

1.4E-09

CT

4.1E-12
4.5E-12
3.5E-12
7.4E-13
3.1E-12

1.2E-10
TOTAL CANCER RISK

Cancer Risk

RME

6.5E-12
7.1E-11
6.5E-12
1.1E-11
4.9E-12

2.1E-08
2.E-08

CT

1.3E-12
1.4E-11
1.1E-12
2.3E-12
9.7E-13

1.9E-09
2.E-09

QATAUjta'̂ nt o) Pgrtim).i5230 Tom i 9 A ToWrfSal H»oW

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-11 -Area B Residual Soil Redistribution Risk Calculations
Soil Ingestion, Resident :
Marine Terminal 1 South Feasibility Study
Portland, Oregon '

Compounds of
Potential Concern

PAHs
Benzo(a)anthrac9ne
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a,h)anthracene
lndeno(1 ,2,3-cd)pyrene

Metals
Arsenic

Soil EPC in mg/kg

RME

1 .50E+00
1.50E+00
1.30E+00
2.50E-01
7.20E-01

3.6E+00

CT ,

H >

4.60E-01
4.80E-01
4.00E-01
1.30E-01
2.80E-01

' i ' '

2.9E+00
• ! (' ,

Hazard Intake
. ' in mcj/kq-dav

' RME

3.8E-05
,3.8E-05
3.3E-05
6.4E-06
1.8E-05

9.2E-05

CT

3.4E-07
3.5E-G7
2.9E-07
9.5E-08
.2.0E-07
i
2.1E-06

TOTAL HAZARD INDEX

Hazard Quotient

RME

3.1E-01
3.E-01

CT

7.1E-03
7.E-03

Cancer Intake
In mq/tig-dav

RME

4.0E-06
4.0E-06
3.5E-06
6.7E-07
1.9E-06

9.6E-06

CT

3.0E-08
3.2E-08
2.6E-08
8.6E-09
1.8E-08

1 .9E-07
TOTAL CANCER RISK

Cancer Risk

RME

2.9E-06
2.9E-05
2.5E-06
4.9E-06
1.4E-06

1.4E-05
6.E-OS

CT

2.2E-08
2.3E-07
1.9E-08
6.3E-08
1.3E-08

2.9E-07
6.E-07

,CA A\Jn!>»Port o( PorttindL19230 T«m 1 Suppoit\T«a% T«m»lSo» R««lBi» »» (Ml JUooB Bwldsnlal Soil HMi* R«klualH«li)

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration

T>
O
TJ

C/D
O5
O
O
CO
00



Sheet 2 of 4

13
O
TJ

CO
O>
O
O
CD
00
00

Table A-11 -Area B Residual Soil Redistribution Risk Calculations
Dermal Contact with Soil, Resident •
Marine Terminal 1 South Feasibility Study :
Portland, Oregon ;

Compounds of
Potential Concern

PAHs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a,h)anthracene
lndeno(1 ,2,3-cd)pyrene

Metals
Arsenic

ABS

0.13
0.13
0.13
0.13
0.13

0.03

Soil EPC in mg/kg

RME

1.50E+00
1 .50E+00
1 .30E+00
2.50E-01
7.20E-01

3.6E+00

CT

. ' i = '

4.60E-01
4.80E-01
4.00E-01
1.30E-01
2.80E-01

' I

2.9E+00
f . : .'

Hazard Intake
in mg/kg-day

RME

6.2E-05
6.2E-05
5.4E-05
1.0E-05
3.0E-05

3.5E-05

CT

5.9E-07
6.2E-07
5.1E-07
1.7E-07
3.6E-07

8.6E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

-•
«
••
--
--

1.2E-01
1.E-01

CT

-
-
-
«
-

2.9E-03
3.E-03

Cancer Intake
in mg/kg-day

RME

5.8E-06
5.8E-06
5.1E-06
9.7E-07
2.8E-06

3.2E-06

CT

5.2E-08
5.4E-08
4.5E-08
1 .5E-08
3.2E-08

7.6E-08
TOTAL CANCER RISK

Cancer Risk

RME

4.3E-06
4.3E-05
3.7E-06
7.1E-06
2.0E-06

4.9E-06
6.E-05

CT

3.8E-08
4.0E-07
3.3E-08
1.1E-07
2.3E-08

1.1E-07
7.E-07

' OATAVoWIPon 01 PanwHt iZK T.rm 1 SuefnUttee* Supp ond P3, •cafmtttoTty GludyUwmb A TattrtSoil RMWrilxilcn RUBenfel RaiUiJJl M» TMjto (A-l 1 Area 8 R— iitorJol Sol floXll RosMus) »e*)

Notes:
1. RME = Reasonable Maximum Exposure
2. CT = Central Tendency
3. EPC = Exposure Point Concentration
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Table A-11 - Area B Residual Soil Redistribution Risk Calculations
Vapor Inhalation (Indoor Air), Resident,,
Marine Terminal 1 South Risk Assessment
Portland, Oregon :•,

Compounds of
Potential Concern

Volatile Organic Compounds
Chloroform

Indoor Air EPC ,
in mg/m3

RME

2.8E-06

CT

",'
97E-07

"i -:''

Hazard Intake
In mg/kg-day

RME

1.5E-06

CT

5.1E-07
TOTAL HAZARD INDEX

Hazard Quotient

RME

1.7E-02
2.E-02

CT

6.0E-03
6.E-03

Cancer Intake
in mg/kg-day

RME

3.3E-07

CT

5.3E-08
TOTAL CANCER RISK

Cancer Risk

RME

2.7E-08
3.E-08

CT

4.3E-09
4.E-09

DATAUoto\Pcrt ol PcrttrxIM SMO T.m, i aioJorfiTocn BUM! ml F3. -OO^waftilly Snî Ucponttt A Tai!»\Ssa K«ll*ulD RuUual RWl TltHil (*• 1 1 *>«o B RuldintU 8oV Rodtt RuiOlBl n«k)

Notes: ' ;".' ;
1 . Indoor Air EPC modeled from maximum detected groundwater concentration using DEQ's RBDM Guidance (DEQ, 2001 b).
2. Outdoor Air not evaluated since indoor air risks and hazards were acceptable.
3. RME = Reasonable Maximum Exposure 'J j
4. CT a Central Tendency ?'
5. EPC = Exposure Point Concentration . ' • . , : ! '
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Table A-11 - Area B Residual Soil Redistribution Risk Calculations
Fugitive Dust Inhalation, Resident
Marine Terminal 1 South Feasibility Study
Portland, Oregon

Compounds of
Potential Concern

PAHs
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dlbenz(a,h)anthraoene
lndeno(1 ,2,3-cd)pyrene

Metals
Arsenic

PEF
In m3/kg

1.32E+09
1.32E+09
1.32E+09
1.32E+09
1.32E+09

1.32E+09

Air EPC In mg/3
I'.:'

RME

1.1E-09
1.1E-09
9.8E-10
1.9E-10
5.5E-10

2.7E-09

, CT
: 1

3.5E-IO
3.6E-10

I3.0E-10
9.8E-11
2.1E-10

2.2E-'09
:,\

Hazard Intake
in mg/kg-day

RME

6.0E-10
6.0E-10
5.2E-10
1.0E-10
2.9E-10

1.4E-09

L CT

1.8E-10
1.9E-10
1.6E-10
5.2E-11
1.1E-10

1.2E-09
TOTAL HAZARD INDEX

Hazard Quotient

RME

-
--
-
--
--

--

O.E+00

CT

•-
-
«
--
••

-

O.E+00

Cancer Intake
In mg/kg-day

RME

2.9E-10
2.9E-10
2.5E-10
4.8E-1 1
1.4E-10

6.9E-10

CT

1.9E-11
2.0E-11
1.6E-11
5.4E-12
1.2E-11

1.2E-10
TOTAL CANCER RISK

Cancer Risk

RME

8.9E-11
8.9E-10
7.7E-11
1.5E-10
4.3E-11

1.0E-08
1.E-08

CT

5.9E-12
6.1E-11
5.1E-12
1.7E-11
3.6E-12

1 .8E-09
2.E-09

Notes:
1. RME = Reasonable Maximum Exposure
2. CT » Central Tendency
3. EPC = Exposure Point Concentration .

OATAUoMPot nrn 1 SuppntrTcKi Stff on A T«B«tlSoi RiXOXltbalon Rrtttotld RraidjS Rfck Tctto (A-l 1 An« B RtaSamla Salt RKtol R««0u3l H»k)
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TableA-12 ,
Risk and Hazard Summary Soil redistribution Residual Risk Assessment: By Exposure Pathway
Marine Terminal 1 South Feasibility Study
Portland, Oregon . :

SubArea

Area A

Area B

Exposure Scenario

Resident

Resident

;! RME Cancer Risk

Ingestion

3.E-05

6.E-05

i t

Dermal

1.E-05

6.E-05

Inhalation
of Volatiles

4.E-09

3.E-08

Inhalation
of Dust

2.E-08

1.E-08

TOTAL

RME Hazard Index

Ingestion

6.E-01

3.E-01

Dermal

2.E-01

1.E-01

Inhalation
of Volatiles

8.E-05

2.E-02

Inhalation
of Dust

O.E+00

O.E+00

TOTAL

8.E-01

4.E-01

SubArea

Area A

Area B

Exposure Scenario

Resident

Resident

i !; ; CT Cancer Risk

Ingestion

4.E-07

6.E-07

Dermal

2.E-07 !

7.E-07

Inhalation
of Volatiles

7.E-10

4.E-09

Inhalation
of Dust

2.E-09

2.E-09.

TOTAL

7.E-07

1.E-06

CT Hazard Index

Ingestion

7.E-03

7.E-03

Dermal

3.E-03

3.E-03

Inhalation
of Volatiles

3.E-05

6.E-03

Inhalation
of Dust

O.E+00

O.E+00

TOTAL

1.E-02

2.E-02
OATMJElalPvt ol Port»K»15230 Ton t SwxrtTnhSupp<nH F8. .(WFeaUWt/SludyUep""*1* TDUedSoI RxtatKMlKn RcKdMICI BEKOji Kft TttUa [A-12 RM Sum ToUH imMjx it*)

Note: '
1. Shading indicates exposure scenario exceeds the DEQ's acceptable risk target.
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Table A-13 '•',
Risk Summary Residual Soil Redistribution Risk Assessment: By COPC
Marine Terminal 1 South Feasibility Study ; ;
Portland, Oregon

SubArea

Area A

Exposure Scenario

Resident

AreaB Resident

COPC

Benzo(a)anthraoen< <
Benzo(a)pyrem , '
Benzo(b)fluoranthem
Dibenz(a,h)anthraceni
lndeno(l ,2,3-cd)pyren<
Arsenic
Tetrachloroethem

TOTAL

Benzo(a)anthraoem f
Benzo(a)pyreni ; ••;
Benzo(b)fluoranthenc V'
Dibenz(a,h)anthracem..'
lndeno(1,2,3-cd)pyrem
Arsenic i ;
Chloroform

TOTAL

RME Cancer Risk

IngesHon
Inhalation
of Dust

7.E-12
7.E-11
7.E-12
1.E-11
5.E-12
2.E-08

na
2.E-08

6.E-05

9.E-11
9.E-10
8.E-11
2.E-10
4.E-11
1.E-08

1.E-08

TOTAL

5.E-07

CT Cancer Risk

Ingestion

S.E-09
5.E-08
4.E-09
2.E-09
4.E-09
3.E-07

na
4.E-07

2.E-08
2.E-07
2.E-08
6.E-08
1.E-08
3.E-07

Dermal

8.E-09
9.E-08
7.E-09
2.E-08
6.E-09
1.E-07

na
2.E-07

4.E-08
4.E-D7
3.E-08
1.E-07
2.E-08
1.E-07

7.E-07

Inhalation
of Volatllea

na
na
na
na
na
na

7.E-10
7.E-10

na
na
na
na
na
na

4.E-09
4.E-09

Inhalation of
DusL.

1.E-12
1.E-11
1.E-12
2.E-12
1.E-12
2.E-09

na
2.E-09

6.E-12
6.E-11
5.E-12
2.E-11
4.E-12
2.E-09

2.E-09

TOTAL

Note: . ;

1. Shading indicates COPC exceeds the DEQ's acceptable risk targe
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O
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CO
O)
O
O
CO
CO
ro

1.E-08
1.E-07
1.E-08
2.E-08
1.E-08
5.E-07
7.E-10
7.E-07

6.E-OB
6.E-07
5.E-08
2.E-07
4.E-08
4.E-07

1.E-06


